ABSTRACT
Introduction
Cancer presents constellation of diseases. For the primary prevention, therapeutic management and treatment, nutrition is a key factor. Decades of epidemiological studies have established a direct association between consumption of plant-based diets and a reduction in risk of cancer [1] [2] [3] [4] . In recent years, efforts directed at the identification of bioactive ingredients in those diets and delineation of their mechanism(s) have demonstrated that even ubiquitous, non-nutritional secondary plant metabolites, such as flavonoids and polyphenolics widely present in foods consumed in the US, have significant health consequences [5] [6] [7] [8] [9] [10] .
Arctigenin, one of the major bioactive components from the fruits of the burdock, has been reported to exhibit antioxidant, antitumor and anti-inflammatory activities as a phenylpropanoid dibenzylbutyrolactone lignan [11] [12] [13] . Arctigenin occurs in a variety of plants including Bardanae fructus (Goboshi), Saussurea medusa (Compositae), T. nucifera and tropical climbing shrub Ipomea cairica [14] [15] [16] [17] .
Cutaneous melanoma is one of the most aggressive forms of skin cancer with high metastatic potential and strong resistance to radiation, immunotherapy and chemotherapy [18] . The role of diet and nutrition in prevention of cutaneous melanoma has recently become a very popular subject. An increasing number of studies have examined the effect of dietary manipulation and vitamin intake on cancer prevention, especially the use of dietary supplements [19] . Melanoma represents an enormous medical challenge. The incidence of melanoma in the USA is at least 50 000 new cases per year, or about 3% of all newly diagnosed cancers. Approximately 1 in 87 Americans alive today will develop melanoma in their lifetime, and the incidence of melanoma continues to increase faster than any other cancer [20] . The incidence of melanoma is rising at an alarming rate and has become a major public health concern in many countries. Despite extensive research the precise molecular determinants responsible for melanoma progression are yet to be delineated. Recent studies, however, have indicated that melanoma cells show dysfunction in the apoptotic program [21] which provided exciting new targets for rationally designed anti-melanoma therapeutic strategies. Apoptosis is a programmed cell death. It is executed by the activation of caspases, a family of cytoplasmic cysteine proteases. Caspase-3, caspase-7 and caspase-9, key components of the apoptotic machinery, cleave several cellular proteins including poly (ADP-ribose) polymerase (PARP) [22] . Also, the hyper-acetylation of histone plays a role in apoptosis.
In this study, we investigated whether arctigenin affected histone acetylation and the activation of caspases as part of a study for anti-cancer effect and its molecular mechanisms of arctigenin. This is the first report describing the effect of arctigenin on apoptosis of melanoma cells by inducing histone acetylation and activating caspases.
Materials and Methods

Chemical Regents
Arctigenin (C 21 H 24 O 6 ) was purchased from Fluka Chemical Co. (USA). Anti-acetylated H3 lysine 9, anti-acetylated H3 lysine 14, anti-acetylated H4 lysine 8, anti-acetylated H4 lysine 12, anti-cleaved caspase 3, anti-cleaved caspase 7, anti-cleaved caspase 9, and anti-cleaved PARP were purchased from Cell Signaling Technology (USA). The secondary antibodies, HRP-Goat-anti rabbit IgG were purchased from Cell Signaling Technology (USA). Caspase-3 activity assay kit was purchased from Biovision (USA). All electrophoresis chemicals were purchased from Bio-Rad Labs (USA).
Cell Culture
The human melanoma cell line SK-MEL-28 was purchased from the American Type Culture Collection (ATCC). SK-MEL-28 cells were cultured in Dulbeco's modified Eagle's medium (DMEM) supplemented with 100 U/ml of penicillin, 100 µg/ml of streptomycin and 10% fetal bovine serum. The cells were incubated in an atmosphere of 5% CO 2 at 37˚C and subcultured every 2 days. In all experiments, cells were grown to 80% -90% confluence and subjected to no more than 20 cell passages.
MTT Assay for Cell Viability
The SK-MEL-28 cells (1 × 10 5 ) were seeded in each well of 96-well plates. After incubation with 0.5 μM, 1 μM, 5 μM and 10 μM arctigenin for 48 hours, the MTT solution (1 mg/ml in PBS) was added (50 μl/well). The plate was incubated for an additional 4 h at 37˚C, and the formazan crystals produced were dissolved in 100 μl of DMSO. Absorbance was measured by an enzyme-linked immunosorbent assay reader at 570 nm. The given values were calculated from the mean of three different experiments. Growth inhibition was estimated as the reduction in values from a DMSO control.
Western Blot
The SK-MEL-28 cells (5 × 10 5 ) were treated with arctigenin for 48 hours at 37˚C. After 48 hours, cell lysates were prepared in 100 μl lysis buffer (50 mM Tris-HCl pH 7.4, 150 mM NaCl, 1 mM EDTA, 1 mM EGTA, 10 μg/ml aprotinin, 10 μg/ml leupeptin, 5 mM phenylmethylsulfonyl fluoride [PMSF] , and 1 mM DTT) containing 1% Triton X-100. Insoluble material was removed by centrifugation at 15,000 g for 15 min at 4°C. The protein content in the supernatant was measured using a Bradford method. The protein extracts (50 μg/well) were separated by 15% SDS-PAGE and then transferred onto PVDF membranes. The membranes were blocked with 5% (w/v) non-fat dry milk in TBS-T (Tris-buffered saline containing 0.1% (v/v) Tween-20) at room temperature for 1 hour, and incubated overnight at 4°C with the primary antibody such as anti-cleaved-caspases (3, 7, 9), anti-cleaved-PARP, anti-acetylated H3 (lys 9, 14) and anti-acetylated H4 (lys 8, 12) (1 : 1000). Subsequently, the membranes were washed with TBS-T buffer, and blotted with secondary HRP-conjugated antibodies at room temperature for 1 hour and then washed again with TBS-T buffer. After washing, the membranes were treated with the detection agent (Amersham Biosciences) and immediately developed in Polaroid film.
Caspase-3 Activity Assay
After treatment with different concentration of arctigenin (0.5 µM, 1 µM, 5 µM and 10 µM), cells were washed with ice-cold PBS and lysed in lysis buffer (50 mM Tris-HCl pH 7.4, 150 mM NaCl, 1 mM EDTA, 1 mM EGTA, 10 μg/ml aprotinin, 10 μg/ml leupeptin, 5 mM phenylmethylsulfonyl fluoride [PMSF] , and 1 mM DTT) containing 1% Triton X-100 for 30 min on ice. Caspase-3 activity was determined using Caspase-3 colorimetric Assay kit according to the manufacturer protocol.
Statistical Analysis
For statistical analysis, data were analyzed by One-way ANOVA followed by Dunnett's test. In western blot analysis, % relative density was calculated by the density using the software Un-SCAN-IT gel Version 5.1 (Silk Scientific, Inc.). Experiments were repeated at least three times.
Results
Effect of Arctigenin on Cell Viability
To determine the effect of arctigenin on cell viability, SK-MEL-28 cells were treated with the varying concentrations of arctigenin for 48 hours, and the cell viability was evaluated by the MTT assay. As shown in Figure 1 , a significant decrease in cell viability was detected in a dose-dependent manner at 48 hours after the treatment.
Effect of Arctigenin on Activation of Caspases and PARP in SK-MEL-28 Cells
In a sequential manner, cytochrome c is released into the
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Copyright © 2011 SciRes. FNS 130 cytosol, where it recruits and activates procaspase-9 in the apoptosome [22] . Active caspase-9 cleaves and activates executioner caspases, including caspase-3 and 7, which cleave a broad spectrum of cellular target proteins, including PARP, thereby leading to cell death [22] . We evaluated whether induction of apoptosis by arctigenin through the activation of caspases 3, 7 and 9, and PARP by Western blot analysis. The treatment of arctigenin for 48 hours dose-dependently induced the cleavage of caspases 3, 7 and 9, and PARP in SK-MEL-28 cells (Figure  2) . The activation of caspase-3 during arctigenin-induced apoptosis of SK-MEL-28 cells was further confirmed using a colorimetric caspase-3 activity assay. Arctigenin activated the caspase-3 activity in a dose-dependent manner (Figure 3) 
Effect of Arctigenin on Acetylation of Histone H3 and H4 in SK-MEL-28 Cells
As core histones are mainly acetylated on specific lysine residues [23] , directly the specific lysine acetylation of core histones H3 and H4 were examined. Histone H3 can be acetylated at lysines 9, 14, 23 and 28 at the N-terminal region [24] . Acetylation of each lysine within a histone tail is independently regulated [25] , supporting the idea that each lysine has unique function. Acetylations of histone H3 at Lys9 and Lys14 play important roles in transcriptional activation and chromatin assembly [26] . As shown in Figure 4a , arctigenin strikingly increased the amount of acetylated histone H3 at lysine 9 and lysine 14 in a dose-dependent manner. The acetylation of histone at lysine 8 and lysine 12 is involved in the regulation of transcription activation of several antiproliferative genes [27] . As shown in Figure  4b , arctigenin also induced hyper-acetylation of histone H4 at lysine 8 and lysine 12 in a dose-dependent manner.
Discussion
Apoptosis, also called the programmed cell death, is a specific form of cell death characterized by several morphological and biochemical events [28] . Aberrant cell survival resulting from inhibition of apoptosis is expected to contribute to tumor progression and oncogenesis, and cancer cells often gain a selective growth advantage by blocking the apoptosis [29] . The recent findings strongly suggest that resistance to apoptosis is also closely associated with metastatic potential of tumor cells [30] . Therefore, induction of apoptosis of metastatic tumor cells is considered as one of the reasonable and promising chemopreventive or chemotherapeutic strategies [31] . In the present study, we observed that arctigenin induced SK-MEL-28 cell death.
Apoptosis may be triggered via either the death receptor or the mitochondrial pathway [32] . In the mitochon drial pathway, release of cytochrome c activates caspase-9 and subsequently caspases 3 and 7, leading to induction of apoptosis [28] . We found that arctigenin induces cleavage of caspases 3, 9 and 7, and PARP. Thus, we conclude that arctigenin may induce apoptosis via the mitochondrial pathway.
In order to further elucidate the molecular mechanism responsible for the arctigenin-induced apoptosis in SK-MEL-28 cells, the effect of arctigenin on histone acetylation was analyzed. There is much work to suggest that the extent of histone acetylation can influence growth of cancer cells [33] . A number of studies indicated that reduced proliferation of cancer cells was favored by agents that increase histone acetylation. Such compounds may have a role in cancer prevention or therapy [33] .
In response to arctigenin, histone acetylation status increased after 48 hours of treatment to SK-MEL-28 cells. According to previous studies, acetylation of histone H3 at lysine 9 and H4 at lysine 8 was also involved in the regulation of transcription activation of several anti-proliferative genes [27] . Arctigenin-induced histone hyper-acetylation could result either from a stimulation of HAT activity or an inhibition of HDAC activity. Several lines of evidence suggest that histone acetylation plays a role in the transcriptional regulation, probably by altering chromatin structure [34] . The alteration of chromatin structure by histone acetylation has not been clarified but it may be important to explain the mechanism of regulation of gene expression by HDAC inhibitors. Thus, the molecular and cellular responses induced by arctigenin could be linked to its effect on histone acetylation and play a protective role on melanoma.
In summary, arctigenin suppresses the growth of the highly metastatic, SK-MEL-28 human melanoma cells at least in part through induction of apoptosis mediated by activation of caspases and histone hyper-acetylation.
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